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In the Nowy Sącz Ba sin, newly ex posed Mid dle Mio cene de pos its have been stud ied and sam pled in the Kamienica Nawojowska, Poprad 
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with plant re mains and thin seams of lig nite rep re sent the freshwa ter de pos its of the Biegonice Formation. These de pos its pass up wards
into ca. 50 m thick packet of brack ish and ma rine de pos its, rep re sented mainly by dark marly shales with bi valves and gas tro pods of the
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INRODUCTION
The Nowy Sącz Ba sin is the only intramontane ba sin in the
Pol ish Outer Carpathians that is filled with both fresh wa ter and
ma rine Mio cene de pos its (Fig. l). The Mio cene de pos its rest
un con form ably upon folded and eroded de pos its of sev eral fa -
cial-tec tonic sub units of the Magura Nappe (Oszczypko, 1973;
Oszczypko et al., 1992). Pleis to cene and Ho lo cene al lu vial de -
pos its up to 12 m thick over lap the Mio cene de pos its. None of
the ex po sures of the Mio cene strata are lo cated on the west ern
(Niskowa), east ern (Falkowa) and SE (Biegonice) pe riph ery of
the ba sin (Fig. 2). 
Dur ing the course of hydrogeological (1963–1966) map -
ping the Nowy Sącz I bore hole (Fig. 2), which is 704 m deep,
was drilled by the Pol ish Geo log i cal In sti tute (PGI). This bore -
hole pierced the flysch base ment at a depth of 540 m
(Oszczypko and Stuchlik, 1972; Oszczypko, 1973). New bore -
holes were drilled in 1984–1985 for the PGI near the vil lages of 
Niskowa and Podegrodzie on the west ern pe riph ery of the ba -
sin. The core ma te rial was stud ied and palynological,
foraminifer and cal car e ous nanoplankton de ter mi na tions were
car ried out (see Oszczypko et al., 1991, 1992). These stud ies
en abled the re vi sion of pre vi ous opin ions con cern ing the litho-
and biostratigraphy of the fresh wa ter and ma rine de pos its in the 
Nowy Sącz Ba sin, and es tab lished new litho- and
biostratigraphic stan dards for this ba sin. 
Dur ing the flood ing of 2001 and the later in ten sive ero sion
in the Kamienica Nowojowska River rock-bed, both Mio cene
fresh wa ter as well as ma rine de pos its were dis cov ered. From
this, Mid dle Mio cene ma rine foraminifera (Gonera and
Styczyński, 2002; Gonera and Gedl, 2005), brachi o pods
(Bitner and Kaim, 2004), ostracodes and green al gae
(Szczechura, 2006) were de ter mined. As a re sult of re cent
flood ing new ex po sures of Mio cene strata have also ap peared
in the Poprad and Dunajec rivers (Fig. 2). 
The au thors, over the pe riod 2003 to 2008, vis ited the
Kamienica Nawojowska val ley sev eral times, be neath the in -
flow of the Kamienna Stream, as well as the Poprad and
Dunajec rivers. The au thors ob served fur ther ero sion and doc u -
mented new ex po sures. Be tween 2006–2007 the stud ied ex po -
sures pro gres sively dis ap peared and new con struc tions against
ero sion were es tab lished. These new ex po sures sup ple mented
knowl edge on the Mid dle Mio cene de pos its in the Nowy Sącz
Ba sin. The aim of this  pa per is to pres ent the re sults of field ob -
ser va tions and, of new cal car e ous nannoplankton age de ter mi -
na tions and to dis cuss their tec tonic and palaeogeographical
im pli ca tions. Re con struc tion of the tec tonic re gime of the
Nowy Sącz Ba sin based on quan ti ta tive sub si dence anal y sis
and, sed i men ta tion rate, by 1D backstripping and for ward
mod el ling, has been made.
PREVIOUS WORKS
The Mio cene de pos its of the Nowy Sącz Ba sin were dis -
cov ered by Uhlig (1888) and fur ther de scribed by Szajnocha
(1903), Doliński et al. (1921) and Skoczylasówna (1930).
Skoczylasówna sub di vided these de pos its into:
l. Grey clays with lignitic seams;
2. Yel low thick-bed ded sands;
3. Grey-yel low ish thin-bed ded sands. 
All de pos its from Niskowa were de scribed as up per
Tortonian-Grabovian (up per Badenian ac cord ing to pres ent
stan dards). On the ba sis of foraminifera stud ies by
Alexandrowicz (1962), these de pos its were as signed to the
lower Badenian. De tailed macro-faunistic stud ies were car ried
out by Bałuk (1966, 1970). Ac cord ing to this au thor, the de pos -
its from Niskowa rep re sent the low er most part of the lower
Badenian, whereas the fresh wa ter de pos its of the Nowy Sącz
Ba sin were con sid ered to be Mio-Plio cene. A few years later
Oszczypko and Stuchlik (1972) and Oszczypko (1973) con sid -
ered the fresh wa ter de pos its as older than the ma rine strata at
Niskowa. Based on the re sults of palynological stud ies, the lig -
nite-bear ing clays were as signed to the Karpatian–lower
Badenian. Łańcucka-Środoniowa (1979), on the ba sis of the
mac ro scopic plant re mains from the Nowy Sącz II bore hole
(Fig. 2), re lated the lat ter de pos its to the Badenian. Twenty
years later, Oszczypko et al. (1991) es tab lished the fresh wa ter
de pos its in the Nowy Sącz Ba sin as the Biegonice For ma tion.
Within this for ma tion the Podegrodzie Con glom er ate Mem ber
was lo cally dis tin guished. Based on palynological anal y sis, an
up per most Badenian–lower Sarmatian age for the Biegonice
For ma tion was de ter mined. The fresh wa ter de pos its of the
Biegonice For ma tion are over lain by ma rine de pos its which
Oszczypko et al. (1992) di vided into the Iwkowa and Niskowa
for ma tions. Based on foraminiferal and cal car e ous
nannoplankton stud ies the Iwkowa For ma tion (la goonal de pos -
its of re duced sa lin ity) was as signed to the late Badenian
(Kosovian), while the age of the Niskowa For ma tion
(sandy-silty ma rine de pos its) was de ter mined as the late
Badenian and/or early Sarmatian.
FIELD WORKS
Over the pe riod 2003 to 2008 Mid dle Mio cene de pos its
were stud ied and sam pled in ex po sures lo cated along the
Kamienica Nawojowska, Poprad and Dunajec rivers.
Kamienica Nawojowska River sec tion (A). In this sec -
tion, which is more than 1.5 km long, the Mid dle Mio cene de -
pos its are ex posed as a shal low synform with two small
antiforms (Figs. 3 and 4). The base ment of these de pos its is the
Late Eocene to Early Oligocene Magura For ma tion
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Fig. 1. Geo log i cal map of the Pol ish Outer Carpathians (based on  Żytko et al., 1989) with lo ca tion of the area stud ied 
1 — Mszana Dolna, 2 — Szczawa, 3 — Klęczany, 4 — Grybów, 5 — Ropa, 6 — Uście Gorlickie, 7 — Świątkowa, 8 — Smilno Tec tonic Win dow
(Oszczypko- Clowes, 2001). This for ma tion, ex posed on the
both sides of the sec tion stud ied, com prises south-dip ping,
poorly ce mented very thick-bed ded sand stones (Fig. 5A, B).
The con tacts of these sand stones with the Mid dle Mio cene
claystones are cov ered by al lu vial grav els. The first ex po sures
of the Mio cene strata are lo cated ca. 500 m south from the small 
bridge on the Kamienica Nawojowska River (Fig. 3). Go ing
down the river, north wards dip ping (20–25°), blu ish and dark
brown, non-cal car e ous claystones with grey and dark grey lam -
i nated mudstones at the top are ex posed (Fig. 5D). These strata
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Fig. 2. Geo log i cal map of the Nowy S¹cz Ba sin (af ter Oszczypko and Wójcik, 1991, sup ple mented)
pass up wards into green-blu ish claystones with in ter ca la tions
of brown-rusty fine-grained sands with si der it ic con cre tions
(Fig. 5C). The up per most part of this se quence is com posed of
north-dip ping, brown-rusty thick-bed ded and fine- grained
mas sive sand stones in ter ca lated with blu ish-green ish, lumpy
mudstones (Fig. 6). Lo cally at the top of the mudstones,
5–7 cm-thick lay ers of rusty weath er ing sid er ite are vis i ble.
These strata pass up wards into dark grey claystones with
10–50 cm-thick lig nite in ter ca la tions (up per part of the
Biegonice For ma tion). Go ing down the stream up to the first
mill dam (GPS N 49°,60, 744’; E 20°,72, 9473’) there is a shal -
low syncline, which dis plays blu ish/green ish clay stones and
thin-bed ded, fine-grained sands, with in ter ca la tions of dark
claystone and lig nite (10–25 cm thick). In this place the au thors
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Fig. 3. Lo ca tions  of sec tions stud ied in the Kamienica Nawojowska River
found coalified wood roots bur ied in an up right growth po si -
tion (Fig. 7A, B). Around 120 m down stream of this mill dam,
in the right bank of the river, blu ish cal car e ous claystones
(Iwkowa For ma tion) with crushed shells of molluscs were
found. 
The youn gest part of the se quence stud ied is ex posed be -
tween the mill dams (Fig. 3): III (GPS N 49°61, 70’N, E 20°72,
173’; alt. 299 m a.s.l.) and II (GPS N 49°61, 304’, E 20°72,
512’, alt. 300 m a.s.l.). This sec tion re veals east-dip ping (NE,
E, SE) strata, up to 50 m thick, which dis play a coars en ing and
thick en ing up wards se quence. These de pos its be gin with green
mudstones with a 15 cm thick lig nite layer (Fig. 7C), of the up -
per most part of the Biegonice For ma tion, and pass up wards
into dark grey cal car e ous claystones (Fig. 7D) and mudstones
with crushed mol lusc shells (Iwkowa For ma tion). Oc ca sion -
ally dark grey claystones are in ter ca lated with yel low weath -
ered claystones with si der it ic con cre tions. The grey claystones
are up to 20 m thick. Higher up in the sec tion the dark grey
marly claystones of the Niskowa For ma tion with mol lusc
shells (Fig. 7E, F) are in ter ca lated with 2 m of dark, poorly ce -
mented fine-grained sand stone. Pro gres sively grey claystones
are re placed by green mudstones with in ter ca la tions of fine to
coarse-grained sands with spo radic lig nite clasts. The mud -
stones with in ter ca la tions of lig nite pass up wards into a
3 m-thick se quence com posed of lam i nated fossiliferous sands, 
mudstones with coalified plants, and very coarse to me -
dium-grained sands, with par al lel and low-an gle cross-lam i na -
tion at the top. These sands pass up into a 30 cm layer of gravel
with flysch-de rived cob bles (Fig. 8). The grav els pass up wards
into 1.5 m of coarse to fine-grained sands, with cross-lam i na tion
(palaeotransport from 210° SWS) and then into 1 m of clay with
a coalified flora, thin sand lay ers and into co quina beds. The
coquinas are over lapped by a 2 m layer of very coarse to me -
dium-grained sand with cross-lam i nated lenses (Fig. 8C). The
top of the ex po sures is lo cated at the base of mill dam II (Fig. 3).
Biegonice sec tion (B). A small ex po sure of Mio cene de -
pos its is lo cated in the right bank of the Poprad River, ca. 50 m
be neath the bridge (Fig. 2). In this part, at the wa ter level of the
river, dark grey marly claystones were sam pled. These
claystones are cut by a sub-Ho lo cene ero sion sur face and over -
lapped by cob bles and boul ders of a 3 m high ter race. 
Nowy Sącz sec tion (C). New ex po sures of Mio cene
claystones were found in De cem ber 2006 be neath the in flow of 
the Kamienica River into the Dunajec River (Fig. 2). These ex -
po sures, which are of dark blu ish marly claystones with
crushed snail shells, are in the right bank of the Dunajec River
at a dis tance of ca. 250 m. These SW dip ping (235/30)
claystones are ex posed on the sub-Ho lo cene ero sion sur face.
100 m down stream there oc cur thick-bed ded, coarse-grained
sand stones (190/48) of the Poprad Sand stone Mem ber of the
Magura For ma tion (Fig. 2; see also Oszczypko, 1973;
Oszczypko and Wójcik, 1991).
CHARACTERISTICS OF THE NANNOFOSSIL
ASSEMBLAGES
METHODS
All sam ples used in nannofossil anal y ses were col lected
dur ing the field work be tween 2003–2007 (Fig. 3 and Ta ble 1).
Al to gether 26 sam ples were col lected, of which 12 were bar ren
(7/04/N, 3–4/03/N, 6/03/N, 9/03/N, 4–10/06/N). All sam ples
were pre pared us ing the stan dard smear slide tech nique for
light mi cro scope (LM) ob ser va tions. The in ves ti ga tion was
car ried out un der LM — Nikon–Eclipse E 600 POL, at a mag -
ni fi ca tion of 1000´ us ing par al lel and crossed nicols. The ma -
jor ity of the sam ples ex am ined yielded poor and badly pre -
served nannofossil as sem blages. The dis tri bu tion pat tern of
nannofossils is il lus trated in Ta ble 1. Sev eral of the spec i mens
pho to graphed in LM are il lus trated in Fig ures 9 and 10.
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Fig. 4. Sim pli fied geo log i cal cross-sec tion along the Kamienica Nawojowska River 
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Fig. 5. Kamienica Nawojowska sec tion (south ern part)
A — Kamienica Nawojowska River sec tion (south ern part). South-dip ping thick-bed ded sand stones of the Poprad Mem ber of the Magura For ma -
tion (Late Eocene–Oligocene); B — thick-bed ded sand stones of the Poprad Mem ber; C — north-dip ping blu ish mudstones and yel low-rusty
siltstones of the lower part of the Biegonice For ma tion; D — lam i nated grey and dark grey mudstones (Biegonice For ma tion)
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Fig. 6. Mid dle part of the Kamienica Nawojowska sec tion (Biegonice For ma tion)
A — north-dip ping (30°) mas sive dark grey peb bly mudstones with in ter ca la tions of yel low ish poorly ce mented sand stones with muddy 
clast; B — mudstones with small an gu lar clasts pass ing up wards into len tic u lar strat i fied fine-grained sand stone with muddy clasts; C
—  thick-bed ded yel low ish siltstones with len tic u lar beds of dark green ish mudstones with rusty weath er ing si der it ic layer at the top
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Fig. 7. Lower part of the Kamienica Nowojowska sec tion (Biegonice and Iwkowa for ma tions)
A — green-grey mudstones with coalified wood roots bur ied in up right growth po si tion, up per part of Biegonice For ma tion on the
right bank of river (near mill dam I, Fig.3); B — dark grey and blu ish mudstones with lenses of NE dip ping layer of  lig nite and yel -
low-rusty fine-grained sand stones; up per part of Biegonice For ma tion on the left bank of the river; C — dark green ish mudstones
with rusty spots and  layer of lig nite; up per part of Biegonice For ma tion; D — blu ish mudstones and claystones of the Iwkowa For -
ma tion, right bank of the river; E — blu ish mudstones and claystones of the Niskowa For ma tion, left bank of the river; F — blu ish
mudstones with  gas tro pod-bi valve shell bed (see Bitner and Kaim, 2004; Szczechura, 2006), left bank of the river
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Fig. 8. The south-dip ping strata (ca. 35°) of the up per part of Niskowa For ma tion on the left bank of the river
A — flysch-de rived grav els with lam i nated coarse-grained sands at the top;  B — flysch-de rived cob bles; 
C — me dium to fine grained, par al lel-lam i nated sands and mudstone se quence
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T a  b l e  1
Cal car e ous nannofossil dis tri bu tion in the Kamienica Nawojowska, Biegonice and Nowy Sącz sec tions
Iwkowa Fm. Niskowa Fm.
1/04/N 2/04/N 1/03/N 2/03/N 5/03/N 7/03/N 8/03/N 3/04/N 4/04/N 5/04/N 6/04/N 1/06/N 2/06/N 3/06/N
Braarudosphaera bigelowii         X X     
Calcidiscus leptoporus X         X  X X X
Calcidiscus premacintyrei X  X   X  X  X  X X X
Calcidiscus tropicus X       X     X X
Chiasmolithus danicus X X      X X X     
Chiasmolithus expansus X X      X X X     
Chiasmolithus gigas    X    X X      
Chiasmolithus grandis X X  X    X X X     
Chiasmolithus solitus    X    X X      
Coccolithus miopelagicus large    X         X X
Coccolithus miopelagicus X X X X X   X  X X X X X
Coccolithus pelagicus X X X X X X X X X  X X X X
Coronocyclus nitescens X X X X X   X X  X X X X
Cribocentrum reticulatum     X          
Cyclicargolithus  abisectus X  X X X X  X X X X X X X
Cyclicargolithus floridanus X X X X X X X X X X X X X X
Dictyococcites bisectus X X X X X X X X X X X  X X
Discoaster barbadiensis X        X      
Discoaster brouweri         X      
Discoaster cf. kuglerii    X           
Discoaster saipanensis X        X      
Discoaster deflandrei    X   X  X X X    
Discoaster exilis    X    X X   X X X
Discoaster variabilis    X    X X      
Ericsonia fenestrata     X X  X X   X X X
Ericsonia formosa X X   X X  X X X  X X X
Helicosphaera bramlettei    X X    X      
Helicosphaera carteri X X   X X X X X X X X X X
Helicosphaera compacta    X     X X     
Helicosphaera euphratis X  X      X X X X   
Helicosphaera intermedia  X  X     X X     
Helicosphaera mediterranea    X     X X     
Helicosphaera recta    X X    X X  X X  
Helicosphaera seminullum              X
Helicosphaera stalis        X       
Helicosphaera valbersdorfensis X X X X X X X X X X X X X X
Holodiscolithus macroporus X    X  X X  X  X X X
Isthmolithus recurvus X       X  X   X X
Lanternithus minutus        X  X   X  
Neococcolithes dubius          X     
Pontosphaera discopora     X     X  X X  
Pontosphaera enormis          X     
Pontosphaera latelliptica     X   X X X X X X X
Pontosphaera multipora X X X  X   X X X X X X X
Pontosphaera plana    X X X  X X X  X X X
Pontosphaera rothi        X X X     
Iwkowa For ma tion. The nannofossils are poorly pre -
served and the as sem blages re veal a rather low di ver sity as well 
as a low num ber of spec i mens. The only sam ple con tain ing a
rel a tively rich as sem blage (9–10 spec i mens per ob ser va tion
field) is 2/03/N. The auchtonous as sem blage is char ac ter ized
by the pres ence of: Calcidiscus leptoporus (Murray and
Blackman), Coccolithus miopelagicus Bukry, Coccolithus
pelagicus (Wallich), Coronocyclus nitescens (Kamptner),
Cyclicargolithus floridanus (Roth and Hay), Discoaster
deflandrei Bramlette and Riedel, Helicosphaera carteri
(Wallich), Helicosphaera compacta Bramlette and Wilcoxon,
Helicosphaera euphratis Haq, Helicosphaera intermedia Mar -
tini, Helicosphaera mediterranea, Helicosphaera valbers -
dorfensis, Helicosphaera stalis Theodoridis, Pontosphaera
multipora (Kamptner), Pontosphaera plana (Bramlette and
Sullivan), Reticulofenestra minuta Roth, Reticulofenestra
pseudoumbilica (Gart ner), Sphenolithus abies, Sphenolithus
moriformis (Bronnimann and Stradner) and Umbilicosphaera
rotula. The as so ci a tions are formed by rel a tively com mon
Coccolithus pelagicus, small reticulofenestrids and Umbilico -
sphaera rotula. The as sem blage is ac com pa nied by the rare and 
ir reg u lar pres ence of Discoaster variabilis, Calcidiscus prema -
cintyrei and Discoaster kuglerii.
Niskowa For ma tion. The abun dance pat tern is dif fer ent
for cer tain sam ples. It var ies from more than 20 spec i mens (per
ob ser va tion field) in sam ples 3–4/04/N, 1–3/06/N down to less
than 10 spec i mens  (per ob ser va tion field) in sam ples 6/04/N. A 
semi-quan ti ta tive study of the autochthonous nannoplankton
as sem blage in di cates the dom i nance of placoliths over
asteroliths, sphenoliths and helicoliths.
The Mio cene as sem blage is char ac ter ized by com mon to
abun dant Cyclicargolithus floridanus and Coccolithus
pelagicus (more than 1 spec i men per ob ser va tion field),
whereas Helicosphaera carteri, Reticulofenestra pseudo -
umbilica are abun dant, but to a lesser ex tent. The spe cies be -
long ing to the Discoasteraceae are rare and rep re sented only
by two spe cies: Discoaster variabilis and Discoaster exilis
Mar tini and Bramlette. 
Al most all sam ples in ves ti gated are dom i nated by re worked 
spe cies, es pe cially those of Late Eocene and Oligocene age.
The level of re work ing is high est in sam ples such as Falkowa
1/04/N, 2/04/N, and 2/03/N, where re worked taxa rep re sent
more than 50% of all de ter mined spe cies, whereas in sam ples
3–5/04/N, 1/03/N, 7 and 8 it de creases con sid er ably, reach ing a 
value not higher than ap prox i mately 20–30%. The re main ing
sam ples con tain less than 20% of re worked spe cies. The
allochthonous as sem blage con sists mostly of Late Eocene spe -
cies such as Chiasmolithus oamaruensis (Deflandre),
Isthmolithus recurvus Deflandre, Discoaster saipanensis,
Reticulofenestra reticulata (Gart ner and Smith) and
Reticulofenestra umbilica (Levin). The Oligocene as so ci a tion
is rep re sented by Cyclicargolithus abisectus (Mòller),
Helicosphaera perch-nielseniae, Helicosphaera recta Haq,
Pontosphaera latelliptica Baldi-Beke and Baldi, Pontosphaera 
rothi Haq, Reticulofenestra lockeri Mòller, Reticulofenestra
ornata Mòller, Transversopontis obliquipons (Deflandre). 
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Ta ble 1 cont.
Iwkowa Fm. Niskowa Fm.
1/04/N 2/04/N 1/03/N 2/03/N 5/03/N 7/03/N 8/03/N 3/04/N 4/04/N 5/04/N 6/04/N 1/06/N 2/06/N 3/06/N
Rhabdosphaera sicca  X      X X X  X X X
Reticulofenestra spp. small X X X X X X X X X X X X X X
Reticulofenestra daviesii            X X X
Reticulofenestra dictyoda  X   X X  X X X  X X X
Reticulofenestra lockeri  X X X X   X X X  X X X
Reticulofenestra pseudoumbilica X X  X X   X X X X X X X
Reticulofenestra umbilica    X X   X  X     
Reticulofenestra ornata    X    X X      
Sphenolithus abies    X    X X X X X X X
Sphenolithus capricornutus X
Sphenolithus conicus     X X         
Sphenolithus disbelemnos   X X  X   X      
Sphenolithus dissimilis  X   X  X  X  X X X X
Sphenolithus moriformis     X   X X X X X X X
Sphenolithus pseudoradians        X       
Transversopontis fib ula   X X     X      
Transversopontis obliquipons     X      X     X  
Transversopontis pulcher     X    X   X X X
Transversopontis pulcheroides    X    X X   X X X
Transversopontis pygmaea    X X    X      
Transversopontis sigmoidalis    X    X       
Umbilicosphaera rotula X X X X X   X X X X    
Zygrhablithus bijugatus   X X X X X X X X X X X X
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BIOSTRATIGRAPHIC INTERPRETATION
For the pur pose of this work the stan dard zonation of Mar -
tini (1970) and Mar tini and Wors ley (1971) was used. In the
cases where in dex spe cies were not ob served, it was nec es sary
to use sec ond ary in dex spe cies from the fol low ing au thors:
Baldi-Beke (1971), Perch-Niel sen, (1985), Bukry (1973,
1975), Raffi and Rio (1979), Okada and Bukry (1980),
Theodoridis (1984), Mar tini and Mòller (1986), Fornaciari and
Rio (1996), Fornaciari et al. (1996), Marunteanu (1999).
The Mio cene nannoplankton zonation is mainly based on
the last (LO) or first oc cur rence (FO) of discoasters and thus is
eas ily ac com plished at low lat i tudes where discoasters are
com mon in open ocean as sem blages. How ever, these typ i cally
warm wa ter and open ocean spe cies are rare or ab sent at higher
lat i tudes and also in as sem blages from mar ginal seas. All other
marker spe cies be long to gen era that are more com mon or even
re stricted to low lat i tudes. There fore the zonation is most re li -
able and cor re lat able over a wider dis tance at low lat i tudes
only. This ex plains why the Mio cene zonation of Mar tini and
Wors ley (1971) as well as that of Okada and Bukry (1980) is
re li able only at lower lat i tudes. Ow ing to the Mio cene palaeo -
eco logi cal and palaeobio geographical dif fer en ti a tion which af -
fected the nannofossil dis tri bu tion, it was nec es sary to con -
struct sev eral re gional schemes which mod i fied pre vi ous
zonations (Mòller, 1986; Raffi and Rio, 1979; Theodoridis,
1984; Fornaciari and Rio, 1996; Fornaciari et al., 1996; De
Kaenel and Villa, 1996; Young, 1998).
Ac cord ing to the stan dard zonation (Mar tini, 1970) the last
oc cur rence of Sphenolithus heteromorphus  takes place at the
top of NN5 whereas the first oc cur rence of Discoaster kuglerii 
de fines the bot tom of zone NN7. How ever, the oc cur rence of
Discoaster kuglerii is ex tremely rare, which ren ders it as in ad e -
quate as a da tum event. In this case zones NN6 and NN7 are
fre quently joined to gether as the com bined zone NN6–7 (see
Young, 1998). The last com mon oc cur rence of Calcidiscus
premacintyrei  is usu ally found slightly be low the first oc cur -
rence of Discoaster kuglerii and thus can be used to ap prox i -
mate the NN6 and NN7 bound ary (Fornaciari et al., 1996;
Young, 1998). Im por tant also is the strati graphic range of
Helicosphaera valbersdorfensis, whose first ap pear ance oc -
curs within the up per part of NN5 and whose last ap pear ance
marks the bound ary be tween NN7/NN8 (Fornaciari et al.,
1996; Young, 1998). Ad di tion ally, autochtonous as sem blages
are com ple mented by Sphenolithus abies and Helicosphaera
stalis which are char ac ter is tic spe cies for zone NN6 and youn -
ger (see Young, 1998). Tak ing into ac count the pres ence of
Helicosphaera valbersdorfensis, Cycli cargolithus floridanus,
Sphenolithus abies, Helicosphaera stalis and also rare
Calcidiscus premacintyrei and Discoaster kuglerii as well as
the ab sence of Sphenolithus heteromorphus, it is pos si ble to as -
sume that all sam ples be long to zone NN6–7. Ac cord ing to
Coric and Svabenicka (2004), Coric et al. (2004) and Kov«¹ et
al. (2006) the bound ary be tween Badenian and Sarmatian is lo -
cated in the up per part of NN6 zone. 
LITHOSTRATIGRAPHY
The de pos its ex posed in the Kamienica Nowojowska,
Poprad and Dunajec sec tions show sim i lar i ties to the
Biegonice, Iwkowa and Niskowa for ma tions es tab lished by
Oszczypko et al. (1991, 1992). 
BIEGONICE FORMATION 
This for ma tion un con form ably over lies folded flysch de -
pos its (Figs. 2–4). Small ex po sures of the for ma tion oc cur in
the Dąbrówka and Biegonice area, while the best ex po sure was
lo cated in the Biegonice brickyard. A few ex po sures are known 
from the west ern slopes of the River Dunajec (Podegrodzie,
Gostwica and Niskowa).
The old est de pos its of the for ma tion, con glom er ates and
poorly ce mented sand stones, were rec og nized in the Nowy
Sącz I bore hole (Figs. 2 and 11) and in the un named stream
above the Biegonice brickyard (Oszczypko, 1973). The
flysch-de rived con glom er ates are com posed of flat, well-
 rounded peb bles of fine-grained, muscovitic or glauconitic
sand stones, and clasts of the Łącko type marls. The thick ness of 
the basal con glom er ates and sand stones is at least 4 m. These
de pos its are over lain by lam i nated, blue-grey ish sandy
mudstones, which pass up wards into a 18.5 m thick suc ces sion
of thick-bed ded, vari ably-grained, some times con glom er atic
sand stones and pale grey mudstones with thin in ter ca la tions of
poorly ce mented fine- and very fine-grained sand stone. Higher
in the pro file there is a 60 m-thick olistostrome, with flysch-de -
rived blocks of sand stone and marl up to 10 m in di am e ter
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Fig. 9.  LM mi cro pho to graphs of autochtonous cal car e ous nannofossils  
A — Braarudosphaera bigelowii, Niskowa Fm.: sam ple 5/04/N (cross-polar ised light — XPL); B — Calcidiscus premacintyrei, Iwkowa Fm.: sam ple
1/04/N (XPL); C — Calcidiscus premacintyrei, Iwkowa Fm.: sam ple 1/04/N (plane-polar ised light — PPL); D — Coronocyclus nitescens, Iwkowa Fm.:
sam ple 5/03/N (XPL); E — Coronocyclus nitescens, Iwkowa Fm.: sam ple 5/03/N (PPL); F — Cyclicargolithus floridanus Iwkowa Fm.: sam ple 5/03/N
(XPL); G — Discoaster sp., Niskowa Fm.: sam ple 4/04/N (PPL); H —  Discoaster exilis, Iwkowa Fm.: sam ple 2/03/N (PPL); I — Discoaster cf. kuglerii,
Iwkowa Fm.: sam ple 2/03/N (PPL); J — Discoaster variabilis, Niskowa Fm.: sam ple 3/04/N (PPL); K — Helicosphaera carteri, Iwkowa Fm.: sam ple
1/04/N (XPL); L — Helicosphaera carteri var. burkei, Niskowa Fm.: sam ple 2/06/N (XPL); M — Helicosphaera carteri var. wallichii, Niskowa Fm.:
sam ple 3/06/N (XPL); N  — Helicosphaera carteri var. wallichii, Niskowa Fm.: sam ple 3/06/N (XPL); O  — Helicosphaera mediterranea, Iwkowa Fm.:
sam ple 2/03/N (XPL); P  — Helicosphaera valbersdorfensis, Iwkowa Fm.: sam ple 1/04/N (XPL); R — Helicosphaera valbersdorfensis, Niskowa Fm.:
sam ple 3/06/N (XPL); S  — Holodiscolihus macroporus, Iwkowa Fm.: sam ple 8/03/N (PPL); T — Pontosphaera multipora, Niskowa Fm.: sam ple 3/06/N
(XPL); U — Pontosphaera multipora, Iwkowa Fm.: sam ple 1/04/N (XPL); W  — Reticulofenestra pseudoumbilica >7 mm, Niskowa Fm.: sam ple 3/06/N
(XPL); X — Rhabdosphaera sicca, Iwkowa Fm.: sam ple 2/04/N (XPL); Y — Rhabdosphaera sicca, Iwkowa Fm.: sam ple 2/04/N (PPL); Z —
Sphenolithus abies, Iwkowa Fm.: sam ple 2/03/N (XPL)
(Fig. 11). The to tal thick ness of the low est  part of the Biego -
nice For ma tion is about 220 m.
The up per part of the for ma tion is known from surficial out -
crops and from nu mer ous shal low bore holes. Its char ac ter is tic
fea ture is the pres ence of lignitic beds and nu mer ous ho ri zons
with plant re mains (Oszczypko, 1973; Oszczypko et al., 1991).
This part of for ma tion is dom i nated by pale grey clayey shales,
and marly mudstones, while brown and/or black shales and
mudstones oc cur more rarely. The shales and mudstones are in -
ter ca lated with sands and/or poorly ce mented sand stones sev eral
cm to l m-thick. The mudstones show a par al lel lam i na tion,
while the sand stones mainly re veal low-an gle cross-lam i na tion.
Car bon ate, partly si der it ic con cre tions oc cur lo cally in clayey
shales and mudstones. There also oc cur nu mer ous brown coal
laminae, while brown coal seams up to 2 m thick are less fre -
quent. This bed con tains nu mer ous tree trunks up to 25–30 cm in
di am e ter. Plant rootlets and regoliths oc cur fre quently in the de -
pos its dis cussed. In the Nowy Sącz I (Oszczypko, 1973) and the
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Fig. 10. LM mi cro pho to graphs of re worked cal car e ous nannofossils 
A — Chiasmolithus expansus, Iwkowa Fm.: sam ple 1/04/N (XPL),  B — Chiasmolithus gigas, Iwkowa Fm.: sam ple 2/03/N (XPL), C —
Chiasmolithus solitus, Iwkowa Fm.: sam ple 2/03/N (XPL), D — Cyclicargolithus abisectus, Iwkowa Fm.: sam ple 2/03/N (XPL), E — Dictyococcites
bisectus, Niskowa Fm.: sam ple 3/06/N (XPL), F — Ericsonia formosa, Iwkowa Fm.: sam ple 2/04/N (XPL), G — Helicosphaera compacta, Niskowa
Fm.: sam ple 5/04/N (XPL), H — Helicosphaera compacta, Niskowa Fm.: sam ple 4/04/N (XPL), I — Helicosphaera recta, Niskowa Fm.: sam ple
4/04/N (PPL), J — Helicosphaera recta, Niskowa Fm.: sam ple 4/04/N (XPL), K — Neococcolithes dubius, Niskowa Fm.: sam ple 5/04/N (XPL), L —
Pontosphaera enormis, Niskowa Fm.: sam ple 5/04/N (XPL), M — Pontosphaera latelliptica, Iwkowa Fm.: sam ple 5/03/N (XPL), N —
Reticulofenestra umbilica, Iwkowa Fm.: sam ple 2/03/N, O — Sphenolithus capricornutus, Iwkowa Fm.: sam ple 2/03/N (XPL), P — Zygrhablithus
bijugatus, Niskowa Fm.: sam ple 3/06/N (XPL) 
PG l (Oszczypko et al., 1991) bore holes, fresh wa ter gas tro pods
of the ge nus Planorbis have been en coun tered. The thick ness of
lig nite-bear ing de pos its var ies from 8–17 m in the Niskowa area
up to at least 300 m (Oszczypko, 1973) in the Nowy Sącz I bore -
hole. In the Niskowa area the up per bound ary is tran si tional to
blue marly clays with nu mer ous Cerithium shells, be long ing to
the Iwkowa For ma tion (Oszczypko et al., 1992). 
Tak ing into ac count the lithological de vel op ment, the bi par -
tite lower part of the Kamienica Nawojowska sec tion, prob a bly
up to 300 thick, can be cor re lated with the Biegonice For ma tion.
IWKOWA FORMATION
In the Nowy Sącz Ba sin, this for ma tion was found at the
Pruska Stream in Niskowa and drilled at Niskowa by the Ns 4
and Ns 5 bore holes (Figs. 2 and 11). In the Niskowa area the
Iwkowa For ma tion up to 15 thick is rep re sented by blu ish
marly clays 3–6 m thick with Cerithium coquinas (see Bałuk,
1970). Higher up in the sec tion, clays pass into fine-grained
sands with thin in ter ca la tions of silt with small clasts of
flysch-de rived sand stone. In the sec tion stud ied sim i lar i ties to
the Iwkowa For ma tion in clude dark grey cal car e ous claystones 
with crushed snail shells up 20 m thick. 
NISKOWA FORMATION 
In the stratotype area the Niskowa For ma tion is bi par tite
(Oszczypko et al., 1992). The lower part of for ma tion is rep re -
sented by a 8 to 25 m-thick sandy suc ces sion with thin in ter ca -
la tions of grey ish silt. In the Ns 5 bore hole, the thick-bed ded
sands are re placed by thin-bed ded sandy lay ers with fre quent
in ter ca la tions of silt (op. cit). This sandy com plex is rich in
macrofauna. The up per part of the Niskowa For ma tion was
rec og nized in the Ns 4, Ns 5 bore holes (Oszczypko et al.,
1992). This part of the for ma tion is dom i nated by lam i nated
grey ish marly silts with in ter ca la tions of fine to me -
dium-grained sand, lo cally with flysch-de rived clasts up to
1.5 cm in di am e ter. The de pos its are rich in coalified plants
and mol lusc shells. In the stratotype area, the Niskowa For ma -
tion is at least 60 m thick (op. cit). 
In the Kamienica Nawojowska sec tion the thick ness of the
Niskowa For ma tion is more or less the same but the se quence
of de pos its is dif fer ent. The pres ence of gravel and coarse-
 grained sands sug gests the nearshore, high-en ergy ma rine en vi -
ron men tal de po si tion (Fig. 12).
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Fig. 11. Cor re la tion of the Mid dle Mio cene de pos its of the Nowy Sącz Ba sin
PALAEOGEOGRAPHICAL
 AND PALAEOTECTONIC IMPLICATIONS
Re con struc tion of the sed i men tary and tec tonic evo lu tion of
the Nowy Sącz Ba sin (a synorogenic, intramontane ba sin with
di ver si fied de po si tion) is im por tant for the un der stand ing the
mid dle Mio cene evo lu tion of the West ern Outer Carpathians.
The Mid dle Mio cene de pos its of Nowy Sącz rest un com -
fort ably upon folded and eroded flysch de pos its of the Magura
Nappe, be long ing to the Rača and Bystrica fa cies-tec tonic
zones. Geoelectric mea sure ments (Oszczypko, 1973; Fig. 6)
sug gest the ex is tence of trans verse faults, which are sev eral
hun dred metres in throw. These faults are grouped in the cen tral 
part of the ba sin, and are likely con nected with the
Dunajec–Poprad val ley fault zone, as re vealed by anal y sis of
geo log i cal map ping (Oszczypko, 1973; Oszczypko and
Wójcik, 1991). Ac cord ing to mesostructrural anal y sis these
mostly NE-trending faults in clude both sinistral and dextral
strike-slip faults (Oszczypko and Zuchiewicz, 2004). Of spe -
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Fig. 12. Sedimentological log of the Kamienica Nawojowska sec tion (A) ver sus os cil la tion
of rel a tive late Badenian/early Sarmatian sea level (B)
cial im por tance is the Poprad–Dunajec Fault Sys tem (Fig. 2),
which was ac tive at the time of the de po si tion of the late
Badenian–Sarmatian infill of the Nowy Sącz Ba sin
(Oszczypko, 1973). Synsedimentary fold ing is re corded by the
ap pear ance of flysch olistolith blocks in side the Biego nice For -
ma tion (Fig. 11). 
The fresh wa ter de pos its of the Biegonice For ma tion were
ac cu mu lated in a swampy en vi ron ment (Fig. 12). At the west ern
mar gin of the ba sin, paludal de pos its interfinger with con glom -
er ates and sand stones of al lu vial fans (Podegrodzie Con glom er -
ate Mem ber). Dur ing the late Badenian trans gres sion, the Nowy
Sącz de pres sion was cov ered with swamps de vel oped on a
peri-ma rine plain, which were sur rounded by la goons. 
The Iwkowa For ma tion in the Niskowa and Kamienica
Nowojowska sec tions is char ac ter ized by the pres ence of clay -
stones with co quina beds. The dom i nance of clayey-mudstone
de pos its with co quina beds is typ i cal of la goon en vi ron ments of
re duced sa lin ity (15–20‰, see Bałuk, 1970). Anal y sis of plank -
tonic taxa from this for ma tion shows the pre dom i nance of spe -
cies known from the cen tral and east ern Paratethys over those
char ac ter is tic of the Med i ter ra nean or Indo-Pa cific Mio cene
(Oszczypko et al., 1992). Dur ing the sed i men ta tion of the
Niskowa For ma tion the bathymetry of the Nowy Sącz Ba sin
ranged from a few metres dur ing the de po si tion of sandy sed i -
ments, to 30 m or more dur ing the sed i men ta tion of the silty de -
pos its while the sa lin ity of the wa ter os cil lated from 16.5 to 28‰
dur ing the sandy sed i men ta tion, and from 25–28‰ to nor mal
dur ing the silty sed i men ta tion (see Bałuk, 1970). In the
Kamienica Nawojowska sec tion, ma rine claystones of the
Niskowa For ma tion pass up wards into claystones and mud -
stones with in ter ca la tions of sand and con glom er ate with lo cal
flysch de rived ma te rial (Fig. 12). This part of the sec tion re veals
a coars en ing and thick en ing se quence that is typ i cal for
shallowing (re gres sion) of the ba sin. The Kamienica Nawo -
jowska sec tion re cords late Badenian to Sarmatian os cil la tion of
sea level and sea- and land ward shifts of the shore line (Fig. 12). 
The mid-Mio cene infill of the Nowy Sącz Ba sin re flects
the tec tonic his tory of the mid dle part of the Magura Nappe in
Po land. The open ing of this ba sin was pre ceded by the late
Burdigalian (Karpatian) fold ing and overthrusting of the
Outer Carpathian nappes over the Early Mio cene de pos its of
the in ner part of the Carpathian Foredeep Ba sin (Oszczypko et 
al., 2006). As a re sult of these move ments the Carpathian
orogen was up lifted and eroded. Dur ing the Langhian, the
mar ginal part of the Carpathians was flooded by the sea. Af ter
mid-Badenian sa lin ity cri ses, the Carpathians nappes were
shifted to wards the north (Oszczypko et al., 2006). Prob a bly
this was fol lowed by an ep i sode of re lax ation of the strain and
extensional fault tec ton ics in the pres ent-day Dunajec val ley
and open ing of the Nowy Sącz Ba sin. The extensional char ac -
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Fig. 13. Paleogene and Neo gene his tory of the Nowy Sącz Ba sin
ter of the ba sin is de duced from geoelectric sound ing. It
would be im por tant to prove this hy poth e sis by seis mic sur -
vey, which is a more pre cise tool for the rec og ni tion of ba sin
ar chi tec ture and tec ton ics. As a re sult of post-nappe col lapse
of the north ern Carpathians, the sea in vaded the al -
ready-eroded Carpathians. The sub si dence and sed i men ta tion 
rate di a grams re veal tec tonic con trol of de po si tion of the
mid-Mio cene de pos its of the Nowy Sącz Ba sin (Fig. 13).
Dur ing the de po si tion of the Biegonice For ma tion the tec tonic 
sub si dence reached ca. 600 m, with the rate of sed i men ta tion
up to 275 m/my. This high rate of sub si dence en abled ma rine
trans gres sion. Dur ing brack ish de po si tion (Iwkowa For ma -
tion) the rate of sed i men ta tion de creased to few dozen m/my
while dur ing the open ma rine de po si tion it in creased to
270 m/my. At that time the ba sin was sup plied with ma te rial
de rived from ero sion of the flysch de pos its, mainly of Eocene
and Oligocene age (see Fig. 10). The clos ing of the ba sin was
prob a bly in duced by a compressional tec tonic re gime con -
nected with fi nal, post-Sarmatian, thrust ing of the Outer
Carpathian nappes to their pres ent-day po si tion. This is man i -
fested by strike-slip move ments along the Dunajec–Poprad
Fault Sys tem, by up lift of the flysch base ment doc u mented by
Nowy Sącz and Biegonice “inlands”, as well as by the par tial
refolding of Mio cene strata (see also Oszczypko, 1973).
CONCLUSIONS
1. The Mid dle Mio cene sed i men tary infill of the Nowy
Sącz Ba sin (ca. 70 km2) is rep re sented both by freshwa ter
silty-sandy de pos its of the Biegonice For ma tion as well as by
clayey brack ish (Iwkowa For ma tion) and ma rine de pos its of
the Niskowa For ma tion. The thick ness of these de pos its
reached at least 540 m.
2. In the Kamienica Nawojowska sec tion, the up per part of
the Niskowa For ma tion re veals a coars en ing and thick en ing up -
wards se quence, typ i cal of shallowing (re gres sion) in the ba sin. 
3. The Iwkowa and Niskowa for ma tions con tain rel a tively
rich late Badenian to Sarmatian cal car e ous nannoplankton
(NN6/7 Zone).
4. The fresh wa ter, brack ish and ma rine de pos its of the Nowy 
Sącz Ba sin are age-equiv a lents of the Machów For ma tion in the
outer part of the Carpathian Foredeep Ba sin in Po land. 
5. The open ing and sub si dence of the Nowy Sącz Ba sin
were prob a bly con trolled by ac tiv ity of NE–SW trending trans -
verse faults, though piggy-back ba sin mech a nisms can not be
ex cluded. 
6. Dur ing the post-Sarmatian thrust move ments of the
Outer Carpathians, the Mid-Mio cene de pos its of the Nowy
Sącz Ba sin were mod er ately folded.
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